Abstract
Background
Dengue virus infection is without doubt the most common arthropod-borne disease worldwide, representing a major health and economic burden to many countries with already limited resources. During the last two decades, all countries in the tropical regions of Central and South America, as well as most of the Caribbean, have experienced a marked increase in the incidence of both classic dengue and, for the first time, dengue hemorrhagic fever (DHF).
The first large epidemic of DHF in the region occurred in Cuba in 1981, with 24,000 cases of DHF and 10,000 cases of dengue shock syndrome (DSS) and 158 deaths reported during a 3-month period 1, 2, 3, 4 . In 1986 and 1987 massive dengue outbreaks were reported in Brazil 5, 6 . In 1990 nearly one-fourth of the 300,000 inhabitants of Iquitos, Peru, acquired dengue fever 7 , and in the same year 3,108 cases of DHF with 78 deaths were reported in Venezuela 1 .
The last available regional figures, from the year 2005, indicate the occurrence of 427,627 cases of infection, 14,557 of which were DHF/ DSS, with 159 deaths 8 . Several Latin American countries report the concurrent circulation of all four viral serotypes (Table 1) 1 .
The widespread distribution and rising incidence of dengue virus infection is related to a wider distribution of Aedes aegypti due to lack of effective vector containment programs and the ARTIGO ARTICLE increase in population density in many large urban areas, with the consequent deterioration of the urban environment 2, 4 . Furthermore, increased air travel and hence the spread of the mosquito vector and viremic patients almost certainly facilitates the spread of dengue fever. Nevertheless, the reason for the change in Latin America from simple dengue fever epidemics to a severe hemorrhagic disease, often associated with shock, or DHF/DSS, is not fully understood 2,4,9 .
In the last decade, the spread of dengue fever was most dramatic in virtually all Latin American and Caribbean countries infested with Ae. aegypti. A sharp increase was observed in the number of cases reported each year, from over 250,000 in the early 1990s to more than 600,000 by the end of the century 2 . In the last 10 years, Brazil has accounted for ≈70% of reported dengue fever cases in the Americas. In that same country, DHF cases increased 45-fold from 2000 to 2002, compared to a 3.3-fold increase in dengue fever cases dur-
Regional epidemiology
Currently, dengue and occasionally DHF affect most of the American continent and several islands of the Caribbean. According to the Pan American Health Organization (PAHO), dengue transmission has increased significantly in the region in the last two decades (Figure 1 ). Incidence of the disease has shown cyclical peaks and troughs since 1980 1, 13, 15 . The epidemic in Cuba produced the high peak in 1981 (with 344,203 cases in Cuba). The seven-fold reduction (to around 50,000 cases) in dengue incidence observed immediately after that year can be attributed to the rapid eradication of dengue in Cuba 15 .
Overall, between 1995 and 1997, the region experienced an annual increase in dengue fever incidence rate of +12% and +35%, respectively, with a simultaneous increase in DHF incidence of +61.87%. Martinica, Trinidad & Tobago, and Cuba experienced a +100% annual increase in the DHF incidence rate, followed by Venezuela and Puerto Rico with +73.33% and +61.29%, respectively 15, 16 .
By the year 2002, 37 countries of Central and South America and the Caribbean reported dengue transmission, of which 21 reported cases of DHF and 14 reported fatal DHF cases. The most heavily affected sub-region was South America, and the hardest hit countries were Brazil, Coing the same period, and in 2002, the absolute number of deaths due to DHF (N = 150) exceeded malaria deaths for the first time 10 .
Serological surveys suggest the occurrence of millions of dengue infections in the region 11 as illustrated in Brazil, where serologic investigations in 1994 estimated nearly 4 million cases of dengue fever, compared to the clinically estimated 1 million 6 .
From 1968 to 1980, only 60 cases of DHF (from 5 countries) were reported in the entire region. However, after its emergence in Cuba in 1981 12 , epidemics or sporadic cases of DHF have been reported in at least 25 countries in the Americas 13 . Since 1989, with a large epidemic with 2,500 cases of DHF, Venezuela has reported large numbers of DHF cases every year, and in 1995 the country recorded the largest regional outbreak with almost 30,000 cases of classic dengue and 5,000 cases of DHF. Although dengue virus serotypes 1, 2, and 4 were isolated during this epidemic, DEN-2 was by far the predominant serotype 14 .
Remarkably, despite the large number of victims, there have been few estimates of dengue's economic or social impact. The lack of estimates on the impact of endemic dengue is important because such estimates are essential to help policymakers allocate resources for research, prevention, and control activities. Number of cases DHF lombia, Honduras, and Venezuela 1, 15 . More worrisome and remarkable has been the trend observed in DHF incidence in the region during the last decade. After the onset of the epidemic in Cuba in 1981, DHF/DSS incidence remained at negligible levels for 7 years until rebounding suddenly in 1989, with the second largest DHF/DSS epidemic, this time in Venezuela. Since 1989, the number of reported DHF cases has been significant, with moderate yearly variations, except for an unusual increase in 1997 (11,645 cases). These variations and the lack of correspondence between the incidence of classic dengue and DHF ( Figure 1 ) could be due to the intense active monitoring of DHF, as opposed to the passive monitoring normally used for classic dengue.
Importantly, every 3 to 4 years a reduction in dengue incidence is followed immediately by a 2 to 3-year increase in reported cases. However, the new peaks in incidence have been consistently higher than those observed in the previous cycle. In the last decade, the maximum incidence peaks were observed in 1987 (134,390 cases), 1991 (157,340 cases), 1995 (284,476 cases), and 1997 (387,459 cases) with an evident upward trend 1, 16 . In 2002, dengue incidence leaped to 1,015,420 cases, while DHF incidence remained basically unaltered 8 .
The 7 years of low DHF incidence from 1982 to 1988 could be related to the absence of virulent strains in the area, since the strain causing the Cuban epidemic in 1981 probably did not circulate in the other countries of the region after the epidemic subsided 14 . Recent evidence indicates that since 1989 at least 4 countries (Venezuela, Brazil, Mexico, and Colombia) have isolated viral strains of Southeast Asian origin, potentially associated with DHF epidemics 15 . In fact, around those years the incidence of DHF/DSS in the Americas began to increase steadily, until 2001, with a high of 15,376 DHF/DSS cases out of 610,625 total dengue cases reported in the region. While these numbers are obviously affected by underreporting, they do indicate that dengue and DHF constitute an important public health problem in the Americas.
Since 2001 (Table 1) , all 4 dengue serotypes have circulated regularly in the Americas, and at least 14 countries have reported the simultaneous presence of more than one serotype. Additionally, dengue virus 3 was recently reintroduced in the region after 17 years of complete absence 1 . During the years 2000 and 2001, six countries (Barbados, Dominican Republic, Ecuador, Panama, Peru and Venezuela) documented the simultaneous circulation of all 4 dengue serotypes. Therefore, the number of countries with more than one viral serotype circulating has steadily increased, thus favoring the occurrence of more cases of secondary infection and consequently an increase in the risk of DHF/DSS.
Factors such as lack of diagnostic facilities in some countries, delayed diagnosis, inefficient control programs, and deficient epidemiological and entomological surveillance systems may all play a role in increasing the magnitude of the problem in the area.
In general, relevant risk factors for the occurrence of dengue in a given region are included among the so-called macro-determinants 5, 6, 7, 17 , which in Latin America have been defined as: a) Population growth: it has been estimated that by 2020 the urban population in Latin America will be some 80% (up from 42% in 1954), and that by 2030 close to 50% of the population will live in mega-cities (≥ 10 million inhabitants) 8, 16 .
The incorporation of more land for food production and the negative impact of haphazard deforestation, in combination with a trend towards global warming, often create the conditions for the emergence of vector-borne diseases like dengue. b) Inadequate and unplanned urbanization: this factor is vitally important in Latin America due to constant migration from the countryside to the cities, nearly always accompanied by the lack or inappropriate availability of water for human consumption and inadequate disposal of liquid and solid wastes, poor housing conditions, and abundant vectors 8, 16 . c) Air travel: along with internal migration, the marked increase in air travel favors the movement of dengue virus between endemic areas and other areas free of the disease, due to people's arrival during the disease incubation period (the viremic period can be long, and the virus can be detected in blood from two days before initial symptoms until eight days after) and subsequent risk of infection of local mosquitoes and development of epidemics. This situation is exemplified by the recent reemergence of dengue fever on Easter Island in Chile 1 . d) Global warming: although climatic factors can have a potentially negative impact on the emergence or reemergence of diseases, increased dengue transmission in a given geographic area appears to be multifactorial, with public health deficiencies rather than climate playing a key role. This is clearly illustrated by the recent dengue transmission pattern along the U.S. -Mexican border 11 . In 1995, the Mexican state of Tamaulipas reported 4,479 cases of dengue, 2,361 of which in Reynosa, a Mexican city adjacent to Hidalgo, Texas, where only 7 autochthonous cases were recorded. While the two cities have equal climatic and ecological conditions and their populations have basically similar origins, the living conditions and income are markedly different 11 . e) Poor sanitary conditions: the main factors directly or indirectly influencing the magnitude of dengue transmission appear to be low socioeconomic status and poor sanitary conditions. While the other ecological, geographic, or climatic factors already mentioned can also play a role, it is clear that underlying nearly all the factors favoring dengue emergence are the consequences of negative human activity and the social inequalities characteristic of the contemporary world 8, 12 . f) Deterioration of the public health infrastructure: also contributing to worsen an already bleak situation is the deterioration of most regional public health systems, thus also jeopardizing the efficiency of Ae. aegypti control programs, further aggravated by ineffective and obsolete sanitary legislation. In addition, due to economic constraints faced by most Latin American countries, health authorities have prioritized contingency activities to combat epidemics, to the detriment of preventive measures. g) Introduction of new and more complex secondary vectors: a potential additional risk is the introduction in the region of Ae. albopictus, an efficient dengue vector in Southeast Asia, which can act as both an urban and rural vector. Unlike Ae. aegypti, Ae. albopictus is not obligatorily anthropophilic and sometimes displaces the former from its habitat. After being reported in 1985 in the United States, for the first time on the continent 18 this vector has also been detected in several Latin American countries (Mexico, Honduras, Guatemala, Nicaragua, Panama, Cuba, Dominican Republic, Trinidad & Tobago, Brazil, and Bolivia). Nevertheless, thus far its presence has not been associated unequivocally with the increase in dengue transmission.
Regional peculiarities in clinical expression of the disease
In contrast with observations from Asian countries, where DHF is limited almost entirely to young children, in the Americas older age groups are widely involved 6, 19, 20, 21, 22, 23, 24, 25, 26, 27 . For example, during the Venezuelan outbreak in 1989, about one-third of deaths were in patients over 14 years of age, while in the 1997 Cuban outbreak all the deaths occurred in adults 20, 28 . Moreover, in Puerto Rico in 1990-91, the reported mean age of patients was 38 years 21 , and during the 1981 Cuban outbreak, DHF/DSS was more frequent among female adults 20 . Approximately 50% of all dengue cases reported in Brazil occur in adults from 20 to 40 years of age. Incidence is consistently higher in adults, having reached a high of 432.7 per 100,000 inhabitants in the 30-49-year age group in 2002 10 .
Recent regional data indicate that elderly patients (> 65) are more likely to be hospitalized and die, and are less likely to present hemorrhage, regardless of the infecting serotype. The elderly are apparently more likely than children and younger adults to develop severe illness when infected with the dengue virus, in a pattern similar to that of infants 29 .
Many potential factors can influence the type and severity of disease in any dengue epidemic 21 . Host immune response appears to be a major factor. Sequential infection with different dengue viral serotypes in the presence of non-neutralizing antibodies has been strongly incriminated in the occurrence of DHF/DSS 20, 21, 22 , and cases of DHF/DSS are seldom documented in patients with primary infection 23, 24, 25, 26 .
Individual factors like age, gender, genetic background, and underlying diseases can also play a role 20, 22, 23, 26 .
While only scattered reports exist in the medical literature on the pathological and clinical implications of acute acalculous cholecystitis complicating adults with DHF 30, 31, 32 , about 10% of 112 Venezuelan adults with dengue that we recently studied developed acute acalculous cholecystitis, according to clinical and ultrasound criteria 9 .
Use of World Health Organization criteria to classify disease severity in some Latin American countries has identified numerous dengue patients with signs of shock (e.g. hypotension, narrow pulse pressure, poor capillary filling, clammy skin, cold extremities, and lethargy) in the absence of thrombocytopenia or hemoconcentration. This new clinical category has been termed "dengue with associated signs of shock" and represented 3% of 614 confirmed cases in Nicaragua. Dengue patients with signs of shock clearly contribute to the disease's economic burden, since they require hospitalization, and length-of-stay is equal to duration of DSS. This phenomenon and its impact on the disease burden associated with dengue demands further examination 33 .
The relatively common occurrence of dengue virus infection among adults in Latin America allows for the recognition of some complications of the disease that are observed more rarely in children. An example is our recent description of acute bilateral parotitis 34 . Moreover, clinical experience continues to accumulate on the impact of co-infection involving dengue virus and other endemic agents present in the area, like Paracoc-cidioides braziliensis, Histoplasma capsulatum, Leishmania spp., etc 2 .
As epidemics progress, some Latin American countries have recorded a significant steady increase in the proportion of total cases presenting as DHF or DHF/DSS, and in case-fatality rates for both dengue fever and DHF/DSS 9, 35 . Adults appear less likely than children to suffer from DSS 36 .
Whereas DHF/DSS continues to occur in the Americas in a significant number of adults, it is not clear whether this relates to population genetic background, epidemiological events, or other unknown factors.
Regional health impact
By and large, dengue is emerging today because of intense changes in society, demographics, the environment, and technologies, all of which affect the vector and it hosts. Thus, surveillance systems for dengue/DHF must necessarily change with the evolving disease patterns.
Dependable estimates on the disease incidence are difficult to obtain in any region of the world, since passive surveillance systems, which rely on health care providers to voluntarily report cases, usually underestimate the true number of cases. They may also reflect variable reporting over time and in different geographic locations; thus, it may be difficult to distinguish real changes in disease rates from artefacts in the reporting system.
Since reliable information is crucial to measure the burden and impact of any disease, more accurate methods are needed to estimate the incidence of diseases. Recent regional data suggest gross underreporting of dengue cases 6, 37 . However, defining an appropriate set factor to multiply for the number of reported cases as a way to obtain a more reliable estimate of actual cases is complicated by an age-related factor affecting the number of symptomatic cases. Indeed, when locally derived data and expert opinion were recently used in Puerto Rico to estimate the actual number of symptomatic dengue cases, a conservative multiplication factor of 27 for all cases among age groups older than 15 years (and 36 for groups under 10 years) were calculated 37 .
When comparing dengue's impact to that of other diseases, it is important to consider that the impact of all types of dengue put together is significantly greater than the impact of DHF alone. Thus, using only cases of DHF as a measure to compare the impact of dengue will seriously underestimate the economic burden imposed by dengue.
Little information exists on the economic impact of dengue in the region in terms of disease burden. A recent World Bank-sponsored study on the global burden of disease estimated 750,000 disability-adjusted life years (DALYs) lost each year worldwide to DHF 38, 39 . There are no estimates for DALYs lost to classic dengue. We have estimated the number of DALYs per case lost to any form of the disease in Venezuela in endemic periods as 0.012 and 36.83 for non-lethal and lethal cases, respectively 40 .
Estimates of total direct and indirect costs from the 1977 epidemic in Puerto Rico range from US$6.1 million to US$15.6 million (approximately US$26 to US$31 per symptomatic case) 41 . The 1981 epidemic in Cuba, with a total of 344,203 reported cases, cost some US$103 million (approximately US$299 per reported case) 19 . The overall economic impact of the 1994 dengue epidemic in Nicaragua, which resulted in an estimated 60,916 cases of classic dengue and DHF, was calculated at US$2.7 million (approximately US$44 per case). Since the cost of hospitalizing dengue patients in Nicaragua is very high (US$130 per day for a hospital bed), the disease clearly exacts a large economic burden. In fact, the cost of medical care accounted for 64% of the overall cost of that epidemic 42 .
Note that all the above estimates relate only to epidemics. There are few readily available dollar estimates on the economic impact of endemic dengue.
Based on the experience in Puerto Rico, using DALYs as a means of assessing dengue's economic impact, the disease was found to cause the loss of an average of 658 DALYs per year per million inhabitants 37 . It has been estimated that the loss to dengue is similar to the losses per million inhabitants in the Latin American and Caribbean region attributed to any of the following diseases or disease clusters: the childhood cluster (polio, measles, pertussis, diphtheria, tetanus), meningitis, hepatitis, or malaria. The loss is also of the same order of magnitude as any one of the following: tuberculosis, sexually transmitted diseases (excluding HIV/AIDS), tropical cluster (e.g., Chagas disease, leishmaniasis), or intestinal helminths 37 . These results suggest that when resources for research and control are allocated regionally, dengue should be given a priority equal to many other infectious diseases that are generally considered more important.
When comparing the impact of dengue versus other diseases in terms of DALYs, the majority of its impact is clearly borne by patients with classic dengue fever lasting approximately five days 37 . Since most families in the region have a relatively low income (£ US$10,000/year), it is logical to as-sume that the largest share of the dengue burden is borne by those in the lower socioeconomic strata. Such people can ill afford the five or more days of productivity lost from dengue.
The current situation of dengue fever and DHF in the region remains alarming, and since there is no real short-term possibility of resolving most of the conditioning factors, prospects for control of the disease appear bleak. Since the availability of an effective vaccine against dengue is still remote, the only practical alternative to control the disease at present involves costly programs aimed at reducing the presence, and if possible, eradicating the vector from heavily infested urban areas 11, 15, 43 .
In fact, in the 1950s and 1960s PAHO led an initially successful continental campaign aimed at averting the risk of urban yellow fever by eradicating Ae. aegypti. Unfortunately, less than twenty years later, distribution of the vector in the region was basically similar to that observed before the campaign 2, 11, 15 .
Vector control methods, including source reduction, chemical larvicides and adulticides, and biological control agents are hampered by limited program capacity, lack of well-defined indicators and program targets, and poor understanding of control measures' efficacy and costeffectiveness, particularly in terms of reducing transmission. Major future epidemiological and operational research challenges include a better understanding of virus transmission dynamics and identification of transmission thresholds.
Data on cost-efficacy and cost-benefit analysis of dengue control programs in Latin America are almost nonexistent. Our analysis of the cost per DALY averted by the Venezuelan program during endemic periods was comparatively low (US$122) as compared to other mosquito-borne diseases such as yellow fever (US$396), leishmaniasis (US$1,893), or malaria (US$1,915). Meanwhile, the cost-benefit ratio of the dengue control program was also positive (US$0.46 invested per dollar saved) 40 .
A key factor in any control program requiring a strong social participation component is "behavior change". As in other parts of the word, dengue prevention and control programs in the Americas have traditionally relied on educational approaches, on the premise that knowledge would lead to behavior change 11, 15 . However, experience with this and similar programs, such as HIV and diarrheal disease prevention and control, have shown a poor correlation between improved knowledge and behavior change. Hence, emphasis must be shifted to the development of behavior change interventions. For this purpose, Ministries of Health and communities need to develop stronger links both among themselves and with other key partners in order to achieve a sustainable reduction in the risk of infection and burden of disease.
PAHO reported that in 1995, only about US$104 million was spent on dengue control activities in the Americas 42 . This amount is clearly insufficient for the purpose. Therefore, unless significantly greater resources are allocated and more aggressive and effective vector control measures are implemented, Latin American countries will continue to face repeated dengue epidemics and consequently an increased danger of DHF epidemics. 
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